Abstract: Ultrasonic velocity (U) and density (ρ) of the ternary mixtures of di-(2-ethylhexyl) phosphoric acid (DEHPA), benzene and m-xylene were measured at atmospheric pressure and temperatures from 298.15K to 313.15K at an interval of 5K. The experimental data have been used to calculate adiabatic compressibility (K s ), intermolecular free length (L f ), acoustic impedance (Z), surface tension (), molar volume (V m ) and Wada's constant (W). From the data, the deviations in adiabatic compressibility (K s ), ultrasonic velocity (U), intermolecular free length (L f ) and acoustic impedance (Z) were calculated. The results are discussed in terms of molecular interaction among components of the ternary mixture. The theoretical values of ultrasonic velocity have been calculated using various empirical relations and are compared with the corresponding experimental data by calculating percentage deviation.
Introduction
Molecular interaction study [1] [2] [3] plays an important role in understanding the structure and properties of liquids. A large number of studies have been made on the interaction in liquid mixture by various methods like dielectric relaxation, Infrared spectroscopy, nuclear magnetic resonance spectroscopy etc. have become powerful tools to provide information regarding the physical and chemical properties of liquid system. The method of studying the molecular interaction from the knowledge of variation of thermodynamic parameters with RESEARCH ARTICLE composition and temperature gives an insight into the molecular process. Industry demands reliable data on the physical and chemical properties of a wide variety of liquid mixtures. DEHPA is one of the most widely used and characterized extractant 4 in the atomic energy industry. Increasing use of DEHPA, benzene and m-xylene in many industrial process have greatly stimulated the need for extensive information on the acoustic and transport properties of these liquids and their mixtures. DEHPA is a polar liquid and the dipolar association of DEHPA molecules decreases when they are mixed with non-polar aromatic hydrocarbons, viz. benzene and m-xylene due to some specific intermolecular interaction between DEHPA molecules and aromatic hydrocarbons.
In the present study, ultrasonic velocities in the ternary mixtures have been estimated using impedance dependence relation 5 , Nomoto's relation 6 , and Rao's specific sound velocity relation 7 . The validity of these formulations for describing the ultrasonic response in this present study has been compared with experimental values by calculating percentage deviation. Such comparisons help to understand the thermodynamics of the mixtures.
Experimental
All chemicals are of AR grade (E. Merck, India) and the purity of the sample was checked by comparing the experimental data of density and ultrasonic velocity with the values available in the literature [8] [9] [10] [11] . The ternary liquid mixture of DEHPA, benzene and m-xylene were prepared by volume. Nine mixtures were prepared in air tight bottles. The mass measurements were performed on a digital top loading balance with a precision of 0.0001g. Density of pure liquids and their mixtures were determined with a specific gravity bottle of 25 mL capacity calibrated at four different temperatures from 298.15K to 313.15K. The increment in temperature was kept regular at 5 K, with a view to ensuring measurable effects of temperature change on experimental observations. The maximum error in the density measurement was found to be ± 0.01 kg m -3 . The ultrasonic velocity was determined by using a single crystal variable path ultrasonic interferometer (F-81, Mittal Enterprises, New Delhi) working at 2 MHz with an accuracy of 0.5 ms -1 . The working principle used in the measurement of speed of sound through the sample was based on the accurate determination of the wavelengths of ultrasonic waves of known frequency produced by quartz crystal in the measuring cell. The temperature of the sample was controlled by circulating water at a desired temperature through a steel jacket of double walled cell. The temperature of the sample was maintained to a precision of ±0.1K in an electronically digital operated water bath for measurement of all the physical properties.
Theoretical
The experimental values of U and ρ were taken to calculate the various thermo-acoustic parameters, viz. adiabatic compressibility (K s ), intermolecular free length (L f ), acoustic impedance (Z), surface tension (), molar volume (V m ) and Wada's constant (W), using following relations [11] [12] [13] and are presented in Table 1 .
Where k [=(93.875 ± 0.375T) 10
-8 ] is the Jacobson temperature dependent constant. 
The excess function (ΔY) such as ΔU, ΔZ, Δ s and ΔL f have been computed using the following expression.
Where Y m represents the parameters 
,   and V mi are mole fraction, density, acoustic impedance, molecular sound velocity, Rao's specific sound velocity and molar volume of i th component of the mixture, respectively. The percentage deviation in ultrasonic velocity between experimental and computed values can be calculated as
Results and Discussion
The comparison between experimental and literature values of density (ρ) and ultrasonic velocity (U) of pure liquids are given in the Table 1 . [21] 1008.2 [21] 1003.1 [21] 1344 1324 1304 1284 -1321.6 [13] 1302.2 [13] 1283.4 [13] [8] 868.26 [20] 862.89 [20] 857.49 [20] 1302 1276 1254 1230 1299.3 [20] 1276.0 [20] 1252.8 [20] 1229.8 [20] m-Xylene [9] -851.24 [9] -1321.5 1303.7 1283.5 1234.3 1321.0 [21] -1279 [9] - The measurement of ultrasonic velocity in ternary mixture provides some reliable information in the study of molecular interaction. The isentropic compressibility (K s ), intermolecular free length (L f ), acoustic impedance (Z), surface tension (), molar volume (V m ) and Wada's constant (W) for ternary mixture, DEHPA (x 1 ) + benzene (x 2 ) + m-xylene (x 3 ) at different temperatures are listed in Table 2 . The deviation values, viz. K s , L f , Z and U of the ternary mixture have been calculated and displayed in Figures 2-5 .
From Table 2 , it is observed that the values of ultrasonic velocity (U) and density (ρ) increase nonlinearly with increase in DEHPA mole fraction (x 1 ). Table 2 shows that the density and ultrasonic velocity are in increasing trend with increase in mole fraction of DEHPA. According to Arul et al. 14 , the increase in ultrasonic velocity in any mixture indicates the association among molecules of a mixture. It is observed from Table 2 that the values of K s and L f decrease with mole fraction of DEHPA and increases with increase in temperature. The rapid decrease in K s with increase in concentration of DEHPA indicates the formation of large number of tightly bound systems. According to Pandey et al. 15 , as velocity and density increase with concentration, isentropic compressibility (K s ) must decrease with increase in concentration, as they vary inversely with each other. The free length is the distance between the surfaces of the neighboring molecules. It indicates significant interactions between the solute and solvent molecules, due to which the structural arrangement in the neighborhood of constituent solute particles is considerably affected. It is observed that the increasing trend of Wada's constant (W) and surface tension () with mole fraction of DEHPA indicates strong solute -solvent interactions 13 . The dimeric structure of DEHPA molecule (Figure 1 ) is characterized by intermolecular hydrogen bonding between OH group of one molecule with P=O of the other molecule. The simultaneous participation of both groups affects the extraction ability. As benzene and m-xylene are ring type structure and they are non polar, the attractive interactions are less, because DEHPA is polar and other two (benzene & m-xylene) are non-polar and each component maintains its identity. Thus molar volume V m between the components is in an increasing trend with increase in the mole fraction of DEHPA. This reduces the net attractive forces.
The deviation in the physical property from its ideal behaviour is a measure of the degree of interaction between component molecules of the ternary liquid mixture. The deviation parameters play a major role in understanding the nature of molecular interactions in liquid mixtures. The various types of solute-solvent interactions 17 that are operating between the unlike molecules are dispersive forces, which make a positive contribution to deviation parameters and hence H-bonding, dipole-dipole interactions, and dipole-induced dipole interactions are expected to make a negative contribution. The interstitial accommodation which regulates the voids in the liquid structure might be a regulating factor in the magnitudes of deviation parameters.
The deviations in intermolecular free length, isentropic compressibility, ΔK s ( Figure 2 ) and ΔL f (Figure 3) are positive throughout the whole range of composition of DEHPA in the ternary mixture. On the other hand, the deviations in acoustic impedance, ΔZ (Figure 4 ) and ultrasonic velocity U  ( Figure 5) show the inverse trend to that of ΔK s and ΔL f . According to Fort and Moore 18 , positive values of deviation functions correspond to the existence of dispersive force. Positive value of K s is associated with a structure breaking tendency due to hetero-molecular interaction between the component molecules of the mixtures. The shape and size of the molecules in the mixture are loosely packed which is due to the positive excess isentropic compressibility. In this ternary system, the positive deviation in K s and L f with concentration and temperatures have been attributed to dispersive forces that show weak interaction between the unlike molecules. This may be due to possible The values of U and Z are negative over entire composition range at four different temperatures. Negative deviation values suggest the presence of weak interaction between the component molecules 11, 13 . The deviation in ultrasonic velocity may be explained in terms of relative molecular interactions between like and unlike molecules. In the present case, the mutual loss of dipolar association among DEHPA molecules would contribute to negative U indicating dispersive interaction among the components. The variation of Z follows similar trend as deviation in ultrasonic velocity for the system at different temperatures which agrees well with the results of K s and L f . Positive values of ΔK s , ΔL f and negative values of ΔZ, U in the ternary mixture indicate the presence of weak molecular interactions among the components of molecules in the mixture.
The observed deviations of the theoretical ultrasonic velocity from the experimental values are attributed to the presence of intermolecular interactions 19 between the component molecules of the mixture. The observed deviations (Table 3) following all theories illustrate molecular interaction between unlike molecules in the liquid mixtures. The suitability of these theories based on percentage deviation value is U IDR > U N > U R . 
